ABSTRACT Measurements of the lowest mouth pressures developed during maximum static inspiratory efforts are related to the recoil force of the lung and occasionally are influenced by glottic closure. The measurement of minimal pleural pressures (P pl min) over the entire range o inspiratory capacity eliminates both problems and, in addition, provides a good estimate of the subject's cooperation. Using this technique, we have investigated the inspiratory muscle force in 120 healthy adults (60 men, 60 women) aged 21 to 76 years, and 15 healthy children (eight boys, seven girls) aged7to 13 years. Twelve patients withinterstitial lungdiseasewere studied for comparison. In the healthy adults, at any fixed (fractional) lung volume, P pl min increased, that is, became less negative with advancing age, both in males and females (all r > 0.56, p < 0.001). This pattern was not modified after correction of the data for the static recoil pressure of the chest wall, indicating that the inspiratory muscle force actually decreases with age. In any age group, and after correction of lung volume for the difference in stature, the P pl min values in women were between 80 and 90 % of the values found in men; moreover the children generated pressures that were as low as those developed by the younger adults. This is probably because women and children have a smaller thorax than men and are therefore able to generate low pressures despite weaker muscles. When the reduction in lung volume was taken into account, the relationship between lung volume and P pl min was normal in the patients with interstitial lung disease. These patients showed a close relationship between the degree of lung volume restriction and the increase of the static recoil pressure of the lung at full inflation, suggesting that their thorax is normally compliant. It appears therefore that these patients have normal inspiratory muscle force, at least when they are not in an advanced stage of the disease.
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Respiratory muscle weakness is a recognised consequence of myopathic diseases. In the last two decades measurements of maximal static mouth pressures have proved useful in establishing the existence of respiratory muscle involvement in myopathic patients and in quantifying the degree of involvement. Although maximal airway pressures give some idea as to the total effect of the respiratory muscles, glottic closure is a problem that often occurs and gives misleading results,' and the introduction of a small air leak at the mouth does not suppress completely the possibility of developing substantial pressure with the cheeks. A second problem, that may be of importance when dealing with patients who have very reduced or clearly increased transpulmonary pressure as a result of lung disease, arises from the fact that the recoil force of the lung contributes to the maximum respiratory system during voluntary relaxation and maximum inspiratory effort have been well documented. 2 3 If the respiratory muscles are completely relaxed against a closed shutter, the pressure measured at the mouth, Pm, at any lung volume is the sum of the static recoil pressures of the lungs (Pst(L)) and of the chest wall (Pst(W)), or [Pm =Pst(L) +Pst(W)=Pst(RS)] (1) where Pst(RS) is the static transrespiratory pressure. Figure 1 represents the normal pressure-volume behaviour of lungs (L), chest wall (W), and total respiratory system (RS) in a sitting awake subject. In this diagram, and in the following equations, all pressures are expressed relative to the pressure at the body surface, Pb.
As the lungs and chest wall are in series with one another, the total pressure required to displace the respiratory system is the sum of the pressures acting across the lungs and chest wall. So fig 1, the solid lines represent the volume-mouth pressure and the volume-pleural pressure relationships of the system during maximum static inspiratory efforts. The horizontal distance between these two curves is the static recoil pressure of the lung, and the horizontal distance between the volume-pleural pressure curve and the volumepressure curve of the relaxed chest wall (W) gives the net pressure exerted by the inspiratory muscles (broken line-Pmus). Thus the minimal (greatest negative) pleural pressure (P pl min) developed during a maximum static inspiratory effort will be independent of the static recoil pressure of the lung at the volume at which the manoeuvre is performed, and it will depend only on the net pressure exerted by the contraction of the muscles and on the static recoil pressure of the relaxed chest wall.
It must be emphasised that mouth and pleural pressures during maximal static inspiratory efforts are subatmospheric and thus, negative in sign. In this paper, all the pressures will be expressed with their proper sign-for example, a fall in inspiratory muscle force will be reflected by an increase in P pl min.
Subjects and methods
The study was performed on 120 healthy adults (60 men, 60 women), 21 to 76 years of age, 15 healthy children (eight boys, seven girls), 7 to 13 years of age, and 12 patients with diffuse interstitial lung disease.
The healthy subjects were recruited from people working in the hospital or their relatives; all of them were lifelong non-smokers and were free from respiratory or cardiac disease. They were subdivided into 12 groups according to sex and age. The number of individuals in each group, their average age, height, and lung volumes are shown in table 1. Among the 120 adults, there were about 10 men and 10 women in each decade from 30 to 60 years and in a group of subjects older than 60 years in which the oldest man was 75 years old and the oldest woman 76. Only four of the subjects (all young men) were trained in respiratory manoeuvres, and none was an athlete.
Of the 12 patients with interstitial lung disease 3*5 cm; air volume 02-0-4 ml) introduced via the nose into the oesophagus. A marker was placed on the polyethylene tubing exactly 42 cm from the balloon tip and balloon adjustment began when this marker appeared at the external nares. Recording of the curves was preceded by three full inflations to assure a constant volume history. Lung volume was plotted against transpulmonary pressure on a direct-writing X-Y recorder. Several PV curves were performed in each subject and a line of best fit was drawn by eye through at least three sets of PV data that agreed to ±1 cm H20. The static recoil pressure of the lung (Pst (L)) was measured at various percentages of TLC which was calculated by adding to FRC the mean inspiratory capacity measured during the X-Y recording of the PV curves. The same technique was used for obtaining expiratory PV curves in the children of the present study, except for the distance between balloon tip and nares.7 Minimal (negative) pleural pressures (Pplmin) were obtained by repeated measurements at various lung volumes while the subject, seated outside the body plethysmograph, attempted maximum inspiratory efforts against a closed shutter. The pressure transducer was calibrated with a mercury manometer; it was linear to minus 130 cm H20 inspiratory pressure. A conventional mouthpiece and noseclip were used, and pressures sustained for one second were recorded. At least 15 maximal efforts were recorded on each subject at different lung volumes between the resting level (FRC) and TLC, and at each level of lung volume the lowest recorded value was used to construct a curve of P pl min against lung volume.
A tracing obtained in a 28-year-old man is shown in fig 2. As illustrated in this graph, P pl min was lower than transpulmonary pressure at TLC in most of the subjects. This could appear somewhat surprising, since P mouth at TLC must be zero.
The difference between P pl min and Pst (L) at TLC is explained by the way both measurements are performed: Pst (L) at TLC is that value of transpulmonary pressure sustained for several seconds breath-holding at full inflation, whereas P pl min is a peak pressure. Also shown in the figure is the fact that the volume-P pl min diagram was curvilinear in each subject: the shape was close to a parabola with its vertex between 50 and 60% TLC. To render comparisons between different individuals possible, the volume was expressed as a percentage of TLC.
Results

NORMAL SUBJECTS
In no age group and at no given lung volume was there any significant difference in Pst (L) between males and females; therefore no differentiation between men and women was made in the analysis of Pst (L) data. Lung recoil pressures, measured at fixed percentages of TLC, decreased significantly with age. The regression coefficients, constants, correlation coefficients, and standard errors of all lung volumes examined are given in table 3. Pressure was found to decrease with advancing age, more markedly so at higher lung volumes. did not find any aging effect in females. Some discrepancies also persist concerning the sex differences; in the present series there was no difference in lung elasticity between males and females of equivalent age. Analysis of these differences is beyond the scope of this paper and has been reported in detail elsewhere.12 Before considering the causes c have encountered in inspiratory r pertinent to consider the problemf the cooperation of the subjects tes of maximum static respiratory pres only on the strength and coo respiratory muscles, but also on tI cooperation of the subject. Recor (airway or pleural) pressures a volumel3 14 therefore that the inspiratory muscle strength was, on an average, normal in our patients. On a theoretical basis, it might be suspected that the lung stiffness imposed an increased load and thus, a training effect upon the inspiratory muscles. In these conditions, patients with interstitial lung disease might be expected to develop progressively stronger inspiratory muscles, at least as long as their general nutritional status is well maintained.18 It must be noted however that the patients studied here were only moderately disabled. 
